Clear genetic and osteological characters exist to distinguish 2 sympatric species of bottlenose dolphins (genus Tursiops) in the waters of China. However, these characters are not useful for the identification of free-ranging dolphins. To determine if these species could be differentiated by external morphology, a discriminant analysis was performed on 8 external morphometric characters of 57 specimens, 40 of which were classified a priori as T. truncatus and 17 as T. aduncus using genetic, osteological, and other information. External morphological separation of the 2 species was highly significant. Furthermore, discriminant scores were nonoverlapping, and classification functions were successful in classifying several new specimens from the waters of China and Indonesia. Rostrum length as an absolute measure and as a proportion of total body length or snout-to-eye length revealed nonoverlapping distributions for the 2 species in the waters of China and thus offered useful field characters for classifying fresh carcasses, stranded individuals, captive specimens, photographs, and in some cases free-ranging individuals.
Although considerable variation exists in the bottlenose dolphin, most researchers have taken the conservative view of recognizing only 1 species, Tursiops truncatus (Montagu 1821). Recent genetic and detailed osteological studies of sympatric morphotypes of bottlenose dolphins in the waters of China showed complete congruence between molecular and osteological data, with no intermediates (Wang et al. 1999 (Wang et al. , 2000 . These results provide strong evidence that reproductive isolation (i.e., no genetic exchange) exists between forms, and they are not consistent with the monotypic hypothesis. Comparisons with South African and British specimens revealed that osteology of the 2 forms in the waters of China resembled closely descriptions of T. * Correspondent: pcrassidens@hotmail.com truncatus and T. aduncus (Ross 1977 (Ross , 1984 Wang et al. 2000) , but a formal taxonomic revision of this genus still is required to validate these names. For consistency across studies, we herein refer to the 2 species by these provisional names.
Diagnostic differences in the mitochondrial DNA control region and in skeletal characters allow confident identification of specimens (Wang et al. 1999 (Wang et al. , 2000 . However, genetic and osteological data are impractical or impossible to obtain during most field studies, especially those that are nonintrusive or minimally intrusive. Therefore, external characters that allow differentiation of the 2 species are needed. Some studies have suggested that extremities (i.e., snout or beak, flippers, and dorsal fin) of T. aduncus are proportionately larger than those of T. truncatus (Ross 1977; Zhou 1987) . However, Gao et al. (1995) found differences only in adult body size between the 2 species in the waters of China. Because these species are sympatric and are found frequently in mixed schools in this region (Zhou and Qian 1985; J. Y. Wang, in litt.) , body size has very limited use for field identification because it would be very difficult to distinguish subadults of the larger species from adults of the smaller species among free-ranging individuals. Our objective was to determine if the 2 sympatric species of Tursiops in the waters of China exhibited differences in external morphology and if any characters are useful for field identification.
MATERIALS AND METHODS
Up to 31 external characters were measured on 111 specimens collected from the waters of China. Twenty-one of those measurements were taken according to Norris (1961) ; 10 measurements were additional or were slight modifications of those Norris described. Specimens were measured using a fiberglass or cloth tape to the precision of 0.5 cm (0.25 cm for measurements that were Ͻ30 cm) by J. Y. Wang and several assistants. Most of the specimens were carcasses that were collected from fisheries interactions and stranding events, predominantly from late autumn to early spring, 1994-1998. Morphometric data from 20 additional specimens of T. aduncus from the Penghu Islands were provided by Ocean Park, Hong Kong. Unfortunately, the complete set of measurements and specimens could not be used in the main analysis because of variation due to several confounding factors (e.g., desiccation, pregnancy, bloating, differences between measurers). Only 8 reliable characters and 57 specimens were subjected to multivariate analyses. The characters were total body length, distance from snout to eye, distance from snout to anterior insertion of flipper, rostrum length (measured along the rostrum), rostrum width (at the apex of the melon), maximum width of flipper, anterior length of flipper, and posterior length of flipper (Fig. 1) . All measurements were taken on the left side. Specimens ( Fig. 2 ; Appendix I) were collected from Beihai (n ϭ 4), Hong Kong (n ϭ 2), Hsinchu (n ϭ 1), Keelung (n ϭ 1), Ocean Park (n ϭ 3), Penghu Islands (n ϭ 13), Nan Fang Ao (n ϭ 27), Tainan (n ϭ 1), Tungkang (n ϭ 3), and Xiamen (n ϭ 2). The collection location for specimens sam- 
RESULTS
Presence of sexual dimorphism within 1 or both species of Tursiops may have affected analysis. However, little is known about sexual dimorphism in bottlenose dolphins, and regional differences may exist. For example, whereas Tolley et al. (1995) reported that males were larger than females in a population of bottlenose dolphins near Sarasota, Florida, Hersh et al. (1990) reported little difference between sexes in another population of bottlenose dolphins in the waters of Florida. To determine whether pooling of male and female specimens within each species for the main analysis was acceptable (i.e., differences between sexes in characters examined in our study were not significant), a 1-way multivariate analysis of variance was per- Therefore, combining male and female specimens within each species for the main analysis was acceptable statistically.
To determine whether external morphology of the 2 species was different, a discriminant analysis was performed on the correlation (standardized) matrix of the data set with a tolerance of 0.1. Based on mitochondrial DNA, osteology, pigmentation, or geographic location (used only for dolphins of the northeastern coast of Taiwan, where sympatry does not exist-J. Y. Wang, in litt.), 40 specimens were classified a priori as T. truncatus and 17 were classified as T. aduncus. Differences in external morphology between the 2 species were significant (Wilks' ⌳ ϭ 0.13, F ϭ 40.15, d.f. ϭ 8, 48, squared Mahalanobis distance ϭ 31.97, P Ͻ 0.001) and all identifications were consistent with their a priori classifications. Furthermore, discriminant scores of the specimens were nonoverlapping between the 2 species and varied from Ϫ3.78 to 0.55 for T. truncatus and 2.03 to 5.43 for T. aduncus (Appendix I).
Classification functions of the discriminant analysis (Table 1) were tested on new specimens (i.e., not included in the original analysis), and results were compared with their classifications based on mitochondrial DNA, osteology, and pigmentation. Data were obtained from 4 specimens collected recently from the waters of the Penghu Islands and 4 specimens from Indonesia. Based on field observations and osteological characters (Wang et al. 2000) , 2 of the specimens from the Penghu Islands were identified as T. aduncus and 2 as T. truncatus, whereas all Indonesian specimens were classified as T. aduncus based on mitochondrial DNA sequences or ventral spotted pigmentation. The information required for standardizing new data and coefficients for the discriminant and classification functions are shown in Table 1 . Discriminant analysis classifications of the new specimens were consistent with their original classifications (Appendix I).
The 8 characters in the main analyses also were examined for proportions that could be used for field identification. Rostrum length as a proportion of total body length or as a proportion of the snout-eye length showed diagnostic (nonoverlapping) differences between species in the waters of China (Table 2) . Furthermore, if nursing calves (identified as animals with milk in their stomachs or with a large number of unerupted teeth) were excluded, distributions of rostrum lengths of the 2 species did not overlap. Distributions remained nonoverlapping even after including 5 new specimens collected recently from the Penghu Islands and 33 specimens from the waters of China that were omitted from the main analyses because of incomplete data. No conflicting classifications were found among those specimens. However, rostrum length of 1 new Penghu Islands specimen (PE-97-17, 12.5 cm) was slightly shorter than the lower limit for T. aduncus (12.8 cm), into which it was placed by the classification functions and rostrum-length proportions (Appendix I). In contrast, classification of T. aduncus specimens from Indonesia based on rostrum length grouped them with T. truncatus of the waters of China, and proportions classified the Indonesian specimens inconsistently. The proportion of rostrum length to snout-eye length classified all except 1 Indonesian specimens as T. truncatus, whereas the proportion of rostrum length to total body length classified 1 specimen as T. aduncus, 1 as T. truncatus, and 3 as intermediates (Appendix I). Basic statistics for other external characters examined in the main analysis for each species are shown in Table 2 .
DISCUSSION
Our results demonstrated that T. truncatus and T. aduncus in the waters of China were distinct not only in molecular and osteological characters but also in external morphology. Classification functions of the discriminant analysis also classified new specimens from the waters of China perfectly. These functions allow more rapid identification of fresh carcasses from this region than do use of either molecular or osteological characters. Furthermore, diagnostic differences in external morphology were found between the 2 species. Nonoverlapping distributions of rostrum length, for all but nursing calves, and proportions of rostrum length will allow even faster identification of fresh carcasses than will classification functions. These characters also should be useful for identifying living specimens that are stranded, in captivity, or free-ranging if good photographs and observations of the head region can be obtained (Figs. 3a and 3b) . Rostrum length as a proportion of snout-eye length can be obtained from photographs of the head region that are taken perpendicular to the longitudinal axis of the body and used for identification. However, for many studies of freeranging dolphins (e.g., line-transect surveys of abundance) identification requiring rostrum length may be difficult because this character is not always visible. Moreover, if the rostra of dolphins are not clearly different (i.e., at adjacent ends of distributions) and dolphins are in mixed schools or at a distance, then identifications may be dubious, even when made by experienced researchers. Additional characters are needed to aid in differentiation of free-ranging individuals of the 2 species.
As with many cetaceans, differences in pigmentation and behavior also may be useful for discriminating the 2 species of Tursiops in the wild. Ventral spotting appears to be common for T. aduncus throughout its distribution (Miyashita 1993; Ross 1977; Ross and Cockcroft 1990; Yang 1976; Zhou 1987) , whereas ventral spotting has been reported for only a few old female T. truncatus from the North Atlantic (Leatherwood et al. 1976 ). In our study, no specimens belonging to T. truncatus had ventral spotting, but 9 of the 17 T. aduncus were spotted, 6 were unspotted, and data for the other 2 were unavailable (Figs. 3a and 3b) . The unspotted specimens of T. aduncus tended to be the smaller individuals, but there was overlap in total body length between spotted and unspotted individuals. Because the 2 species occupy different niches (Ross 1977; J. Y. Wang, in litt.), unstudied differences in behavior (e.g., swimming or surfacing patterns) also may exist. Presently, these Tursiops species cannot be distinguished at distances at which most other dolphin species can be identified confidently. Further studies are needed to determine if pigmentation and behavior can contribute to species identification.
Classification functions of the discriminant analysis were successful in classifying specimens of T. aduncus from the waters of Indonesia, but rostrum length and its associated proportions were unsuccessful. The rostra of T. aduncus from Indonesia were shorter in absolute size than those of T. aduncus from the waters of China but were about the same length as those of T. truncatus in the waters of China. However, it is highly unlikely that these animals are T. truncatus because pigmentation, mitochondrial DNA (Wang et al. 1999) , osteology (Wang et al. 2000) , and the discriminant analysis in this study classified the specimens from Indonesia with T. aduncus. Furthermore, preliminary findings of an independent mitochondrial DNA analysis of T. aduncus specimens from South Africa, Timor Sea (situated between southern Indonesia and northern Australia), and the western Pacific Ocean also supported a monophyletic group (Curry and Smith 1997). These results suggest that the Indonesian dolphins may represent a population of T. aduncus that is distinct from those in the waters of China. Molecular and morphological analyses of more samples from a wider distribution are needed to better understand population divisions within both species in Asia.
Our understanding of Tursiops in the waters of China is just beginning, and many more studies are needed to guide conservation of these dolphins. Recent genetic and osteological studies and the present study provide overwhelming evidence that sympatric forms of bottlenose dolphins in the water of China represent 2 species. Therefore, as a 1st step in the conservation of these species, it is essential that the Wildlife Conservation Law of Taiwan be amended. First, both species of Tursiops need to be recognized because the entertainment industry prefers T. aduncus and concerns about the level of dolphin mortality due to activities of this industry in southeastern Asia have been raised (Reeves et al. 1994; United Nations Environment Programme 1996) . Second, while we are improving our understanding of Tursiops in this region, both species should be afforded the same highest level of legislative protection in Taiwan that is given to all other cetaceans. Presently, bottlenose dolphins are given a lower conservation status even though there is no scientific basis for this decision. In fact, bottlenose dolphins may be heavily exploited (J. Y. Wang, in litt.). Ironically, it was public pressure to stop the large-scale slaughter of mainly bottlenose dolphins in the drive fishery of the Penghu Islands that led to protection of all cetacean species under the 1990 amendments of the Wildlife Conservation Law of Taiwan. We also urge similar amendments to conservation legislation of other nations and international lists of protected species (e.g., Convention on the International Trade of Endangered Species of Fauna and Flora and the Red List of the World Conservation Union, formerly known as the International Union for Conservation of Nature and Natural Resources).
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